Aim: EphB3 and dysadherin are involved in tumorigenesis and progression of many neoplasms. However, the roles of EphB3 and dysadherin in extrahepatic cholangiocarcinoma (ECC) remain to be revealed. In this study, we aimed to evaluate the expression of EphB3 and dysadherin, and investigate their clinicopathological significance in ECC. Methods: We examined EphB3 and dysadherin expression in 100 ECC, 30 peritumoral tissues, 10 adenoma and 15 normal biliary tract tissues using EnVision immunohistochemistry. The relationship between EphB3 or dysadherin expression and clinicopathological features was evaluated using the χ 2 test or Fisher's exact test. The overall survival of ECC patients was analyzed using Kaplan-Meier univariate survival analysis and Log rank tests. Results: We found that EphB3 expression was significantly down-regulated and dysadherin expression was significantly up-regulated in ECC tissues compared with normal tissues (P < 0.01). EphB3 expression was negatively correlated with dysadherin expression in ECC (P < 0.01). The positive rate of EphB3 expression and negative rate of dysadherin expression was significantly higher in patients with well-differentiated type, no lymph node metastasis, no surrounding tissues and organs invasion, early TNM stages (I + II) and radical resection (P < 0.01). The survival of ECC patients with positive EphB3 or negative dysadherin expression was significantly longer than patients with negative EphB3 or positive dysadherin expression (P < 0.01). Cox multivariate analysis demonstrated that negative EphB3 or positive dysadherin expression were independent poor prognostic factors in ECC patients. The ROC curves suggested that EphB3 and dysadherin combined diagnostic efficacy (AUC=0.688, 95%CI: 0.603-0.772) was significantly higher EphB3 diagnostic efficacy (AUC=0.654, 95%CI: 0.564-0.743) or dysadherin diagnostic efficacy (AUC=0.648, 95%CI: 0.558-0.737) alone. Conclusion: EphB3 and dysadherin are involved in the carcinogenesis and progression of ECC, and ECC patients with negative EphB3 or positive dysadherin expression have a poor prognosis.
anatomical location of the tumor, CCA is classified into intrahepatic cholangiocarcinoma (ICC) and extrahepatic cholangiocarcinoma (ECC). ECC is the most common CCA and accounts for approximately 90% of CCA. 1, 4 The typical clinical symptom of ECC is features of biliary obstruction including jaundice, pale stool, dark urine and pruritus. [5] [6] [7] The diagnosis of ECC is based on clinical manifestation, blood test, imaging, and histology and cytology. 5 Imaging is the main diagnostic method for ECC, including ultrasonography, computed tomography (CT), magnetic resonance imaging (MRI), endoscopic retrograde cholangiopancreatography (ERCP). 6 Current treatment strategies for ECC include surgery, systemic chemotherapy and targeted radiation. 8 Surgical resection is the only curative treatment approach for ECC. Chemotherapy and radiotherapy have no definitive therapeutic effect for unresectable ECC. Due to the lack of early clinical manifestations and reliable diagnostic biomarkers, most of ECC patients are diagnosed at an advanced stage and lost the opportunity to receive radical surgery so that these patients have a poor clinical outcome. 9 Therefore, it is imperative to discover new specific diagnostic biomarkers for the early diagnosis of ECC. The Ephrin (Eph) receptors are the largest subfamily of receptor tyrosine kinase superfamily in humans. According to their structure and their affinity for the corresponding ephrin ligands, these receptors are divided into A-and B-types, consisting of EphA1-8, EphA10, EphB1-4 and EphB6. 10 All Eph receptors belong to single transmembrane protein with intrinsic tyrosine activity. The Eph receptors play an important role in regulating angiogenesis, tumorigenesis, cell attachment, shape and motility. 11 As a member of the Eph family, EphB3 is also involved in many physiological and pathological processes in different organ systems. 12, 13 EphB3 expresses in a variety of organ systems, including lung, liver, kidney, intestine muscle, heart, and brain. Recently, several studies have demonstrated that EphB3 is associated with tumorigenesis of various types of human cancers, such as colorectal cancer, gastric cancer, head and neck tumor, non-small-cell lung cancer (NSCLC), ovarian cancer and prostate cancer. [14] [15] [16] [17] [18] [19] [20] These studies revealed that EphB3 is closely related to pathogenesis, progression and biological behaviors of above malignant lesions. Nevertheless, there has been no study regarding the role of EphB3 in ECC. Dysadherin, also known to FXYD5 that interacts with Na, K-ATPase and regulates its properties, is a cancer-associated membrane glycoprotein composed of 178 amino acids. 21, 22 Dysadherin expresses in a limited number of normal cell types, including lymphocytes, endothelial cells, and basal cells of stratified squamous epithelium. 23 Dysadherin is involved in modulating ion transport and its expression is found in kidney, duodenum, spleen, and lung. 21 Dysadherin expression is up-regulated in a variety of human cancer cells, and dysadherin can promote cancer metastasis and progression via down-regulating E-cadherin mediated cell-cell adhesion and up-regulating vimentin. 22, [24] [25] [26] [27] [28] Previous studies have revealed that overexpression of dysadherin is related to metastasis and poor clinical outcome of many human different cancer types. 22, [24] [25] [26] [27] [28] However, the relationship between dysadherin expression and ECC is never reported. Therefore, we examined EphB3 and dysadherin expression in ECC using immunohistochemistry and analyzed their clinicopathological significance and prognostic values in this study.
Materials and Methods

Case Selection
This study was approved by the Ethics Committee for Human Research, Central South University, and was performed according to the Declaration of Helsinki. This study is exempt from informed consent since it is a retrospective study and the data collection and analysis were carried out without disclosing patients' identities. Tissue specimens were collected from the Second and Third Xiangya Hospitals, Central South University from January 2001 to December 2013. These specimens included 100 ECC, 30 peritumoral tissues, 10 bile tract adenoma, and 15 normal bile tract tissues. The 15 normal bile tract tissues were obtained from contributors of liver transplantation who were voluntary civilian organ donors. All specimens were histologically confirmed by two pathologists. Tumors were restaged based on the 7th TNM Classification of Malignant Tumors and classified following the World Health Organization tumor classification system. 29 Tumor differentiation degrees were defined based on the World Health Organization criteria. We collected the survival information of the 100 patients with ECC via letter or telephone interviews. The follow-up time was 30 months, and patients who survived over 30 months were included in the analysis as censored cases. 30 
Main Reagents
Rabbit anti-human EphB3 and dysadherin polyclonal antibodies were purchased from Dako Corporation (Carpentaria, CA, USA). EnVisionTM Detection Kit was purchased from Dako Laboratories (CA, USA).
Immunohistochemistry
EnVision immunohistochemistry was conducted in accordance with the user manual. Briefly, 4 μm-thick paraffin slices were cut and then dewaxed. The slices were treated with 3% H 2 O 2 for 15 min. Next, Heat-induced epitope retrieval was performed with sodium citrate buffer at 96°C for 30 min. The slices were soaked in PBS for 3 × 5 min and then incubated with the primary antibody (1:100 dilution) at 37°C for 2 hrs. Then, the slices were incubated with solution A for 30 min, followed by DAB staining and haematoxylin counter-staining. Finally, the slices were dehydrated, soaked in xylene, and mounted with neutral balsam. Two observers independently examined five hundred cells from ten random fields of per section, and the percentage of positive cells was counted. The staining evaluation was based on an average percentage of positive cells from these two observers. Cases with an average percentage of positive cells ≥25% were classed as positive expression, while other cases were classed as negative expression.
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Statistical Analysis
We analyzed data with the SPSS 17.0 (statistical package for the Social Sciences, Version 17.0). We used the Chi-squared test or Fisher's exact test to evaluate the relationships between EphB3 and dysadherin and clinicopathological factors. Kaplan-Meier univariate survival analysis and Log rank tests were used to analyze the overall survival of ECC patients. Univariate analysis and multivariate analysis with the Cox proportional hazards model were applied, and the 95% confidence interval was calculated. A probability level of P < 0.05 was considered statistically significant.
Results
Characteristics of Patients
As shown in Table 1 , the 100 ECC patients included 61 men and 39 women, and their ages varied from 35 to 80 (58.8 ±10.2) years. Histologically, the 100 ECCs consisted of 31 well-differentiated tumors (31.0%), 34 moderately differentiated tumors (34.0%) and 35 poorly differentiated tumors (35.0%). Among the 100 patients with ECC, 67% patients occurred invasion of region tissues and/or organs; 38.0% patients presented regional lymph node metastasis; and 31.0% patients had bile stone. Based on TNM staging, 35 ECC patients were classified as stage I + II, 38 ECC patients were classified as stage III and 27 ECC patients were classified as stage IV. Among the 100 ECC patients, 54 patients (54%) received radical resection; 36 patients (36%) received palliative resection; and 10 patients (10%) only received a biopsy.
Thirty peritumoral tissues were obtained from 20 male patients (66.6%) and 10 female patients (33.3%), their ages varied from 35 to 72 (48.5 ± 9.2) years. Histologically, among the 30 peritumoral tissues, 12 were normal tissues, 8 presented mild dysplasia, 6 presented moderately dysplasia and 4 presented severe dysplasia. Ten bile tract adenoma tissues were obtained from 6 male patients (60.0%) and 4 female patients (40.0%) whose ages varied from 33 to 70 (46.7 ± 10.2) years. Histologically, among the 10 bile tract adenoma tissues, 6 were simple adenoma tissues, 2 presented mild dysplasia and 2 presented moderate to severe dysplasia. Fifteen normal biliary tract tissues were obtained from contributors of liver transplantation and were all normal biliary tract tissues based on pathological examination.
EphB3 and Dysadherin Protein Expression in ECC, Peritumoral Tissues, Adenoma, and Normal Tissues
To study the expression of EphB3 and dysadherin in ECC, peritumoral tissues, adenoma, and normal tissues, EnVision immunohistochemistry was performed. As shown in Figures 1 and 2 , immunohistochemical staining revealed that positive EphB3 expression was observed at the cytoplasm and positive dysadherin expression was observed at the cytomembrane and cytoplasm. Among the 100 cases of ECC, EphB3 and dysadherin were positively expressed in 42 (42%) cases and 55 (55%) cases, respectively (Table 2) . Among the 10 cases of adenomas, EphB3 and dysadherin were positively expressed in 8 (80%) cases and 3 (30%) cases, respectively. All 15 normal tissues showed EphB3 positive expression and dysadherin negative expression. As presented in Table 2 , ECC tissues exhibited a significantly lower positive rate of EphB3 expression and higher positive rate of dysadherin expression compared with normal tissues (P < 0.01). Moreover, Peritumoral tissues and adenoma with negative EphB3 and/or positive dysadherin expression exhibited moderate to severe dysplasia.
We further analyzed the relationship between EphB3 expression and dysadherin expression in ECC by χ 2 test.
Among the 42 cases with positive EphB3 expression, 10 cases showed positive dysadherin expression. Among the 58 cases with negative EphB3 expression, 13 cases exhibited negative dysadherin expression. EphB3 expression was negatively correlated with dysadherin expression in ECC (Table 3 , P < 0.01).
Association of EphB3 and Dysadherin Expression with Clinicopathological Features in ECC
We further evaluated the potential correlation between EphB3 or dysadherin expression and clinicopathological parameters of the 100 patients with ECC. EphB3-positive expression was significantly correlated to well-differentiated type, the negativity of lymph node metastasis, the negativity of surrounding tissues and organs invasion and early TNM stage (I + II) (P < 0.01). The patients received radical resection showed a higher positive rate of EphB3 expression than the patients underwent no resection (biopsy only) (P < 0.01).
Inversely, dysadherin-positive expression was significantly correlated to poorly differentiated type, the positivity of lymph node metastasis, the positivity of surrounding tissues and organs invasion, and advanced TNM stage (III or IV) (P < 0.01). The patients received radical resection showed a lower positive rate of dysadherin expression than the patients underwent no resection (biopsy only) (P < 0.01). However, there was no significant correlation between expression of EphB3 or dysadherin and other clinicopathological parameters including gender, age, tumor size, and the existence of biliary stone (P > 0.05) ( Table 1 ).
EphB3 and Dysadherin Protein Expression Correlated with Overall Survival in Patients with ECC
Overall survival was analyzed in the 100 patients with ECC. Among the 100 patients, 59 patients survived no longer than 12 months, 24 patients survived no longer than 24 months, 9 patients survived no longer than 30 months, and 8 patients who survived over 30 months were included in the analysis as censored cases. As shown in Table 4 , the average overall survival time of ECC patients was closely related to several clinicopathological factors, including tumor differentiation, lymph node metastasis, invasion of surrounding tissues and organs, TNM stage and surgical procedure (P < 0.01) ( Table 4) . Kaplan-Meier survival curves showed that the overall survival time of patients with EphB3 positive or dysadherin negative expression was significantly longer than patients with negative EphB3 or positive dysadherin expression (P < 0.01) (Table 4, Figure 3 ). Furthermore, we defined four groups by the expression of EphB3 and dysadherin; positive expression of both EphB3 and dysadherin (+/+), positive and negative (+/−); negative and positive (−/+), and both negative (−/−). Kaplan-Meier survival curves revealed that the group with EphB3 positive and dysadherin negative expression had longest overall survival time than other groups, and the group with EphB3 negative and dysadherin positive expression had shortest overall survival time than other groups (Table 4, Figure 3 ). According to univariate analysis and multivariate analysis using Cox's proportional hazards model, this study found that several clinicopathological parameters negatively correlated with overall survival and positively correlated with mortality, including poorly differentiated type, the positivity of lymph node metastasis, the positivity of surrounding tissues and organs invasion, and advanced TNM stages (III or IV), which are risk factors and independent prognostic predictors (Tables 5 and 6 ). Negative EphB3 expression or positive dysadherin expression negatively correlated with overall survival and positively correlated with mortality, which are risk factors and independent prognostic predictors (Tables 5 and 6 ).
Lastly, we depicted the receiver operating characteristic (ROC) curves to evaluate the diagnostic efficacy of EphB3 expression, dysadherin expression, and EphB3 and dysadherin expression, respectively. The AUC of EphB3 was 0.654 (95% CI: 0.564-0.743), the AUC of dysadherin expression was 0.648 (95% CI: 0.558-0.737), and the AUC of EphB3 and dysadherin expression was 0.688 (95% CI:0.603-0.772) (Figure 4) . Our results suggested that EphB3 and dysadherin combined diagnostic efficacy was significantly higher EphB3 diagnostic efficacy or dysadherin diagnostic efficacy alone.
Discussion
ECC is an aggressive malignancy and has a poor prognosis. In this study, our data showed that the average survival time of patients with early TNM stages (I + II) is significantly longer than patients with advanced stages (III or IV). Additionally, the average survival time of patients received radical surgery are significantly longer than patients received a biopsy. These results demonstrated that early diagnosis is essential to improve the clinical prognosis of ECC. However, most patients with ECC are diagnosed at an advanced stage due to the lack of specific clinical manifestations and diagnostic biomarkers in the early stage. Hence, it is very urgent to find new specific diagnostic markers for early diagnosis of ECC. Although EphB3 and dysadherin are related to the progression and prognosis of various human cancers, no studies have investigated their expression and biological roles in ECC. Thus, we assessed EphB3 and dysadherin expression in ECC and non-tumor tissues using immunohistochemistry and evaluated their correlations with clinicopathological parameters and survival. Significantly decreased EphB3 expression and significantly increased dysadherin expression was observed in ECC, compared with normal tissues. Additionally, negative EphB3 expression and positive dysadherin expression were closely associated with poorly differentiated type, the positivity of surrounding tissues and organs invasion, the positivity of lymph node metastasis, advanced TNM stages, and poor prognosis in ECC. To our knowledge, this is the first study to report the correlation between EphB3 or dysadherin expression and clinicopathologic characteristics and survival in ECC patients.
Many Eph receptors and ephrin ligands are associated with the development and progression of several human cancers. As one of Eph receptors family, EphB3 is also involved in tumorigenesis and progression of certain human cancers, such as colorectal cancer, ovarian serous carcinomas, prostate cancer, papillary thyroid cancer, head and neck squamous cell carcinoma, and NSCLC. [15] [16] [17] [18] [19] [20] It has been reported that EphB3
is over-expressed in normal prostate cell lines compared with prostate tumor cell lines. 33 Previously studies demonstrated 32 19.63 EphB3(−) and Dysadherin (+) 45 7.60 EphB3(+) and Dysadherin (+) 10 12.30 (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) Abbreviations: −, negative expression; +, positive expression. that EphB3 expression is down-regulated in ovarian serous carcinoma and colorectal cancer samples. 15, 18 Consistent with these previous studies, our study showed that EphB3 were significant down-expression in ECC compared with normal tissues, suggesting that EphB3 may be involved in tumorigenesis of ECC. Moreover, several studies have revealed that EphB3 is related to clinical prognosis and clinicopathological characteristics of several human cancers. EphB3 acts as a tumor suppressor in colorectal cancer and ovarian serous carcinomas. 15, 18 Chiu reported that overexpression of EphB3 in HT-29 colorectal cancer cells inhibits tumor growth and EphB3 expression levels is significantly decreased in advanced Dukes' stage of human colorectal cancer. 20 Xuan found that the EphB3 expression level was negatively correlated to the depth of tumor invasion, lymph node metastasis, TNM stage and differentiation of colorectal cancer, and the overall survival of patients with high EphB3 expression is significantly longer than patients with negative or weak EphB3 expression. 15 Gao also reported that positive EphB3 expression is negatively related to histological grade and FIGO stage of ovarian serous carcinomas. 18 Similarly, our study found that positive rates of EphB3 expression were significantly higher in cases with well-differentiation, no surrounding tissues and organs invasion, no lymph node metastasis and early TNM stages (I + II), and the patients with positive EphB3 expression exhibited longer survival time than patients with negative EphB3 expression. Thus, EphB3 may function as a tumor suppressor in ECC, which needs further study to identify its potential mechanism. However, EphB3 expression is significantly elevated in NSCLC and papillary thyroid cancer, and EphB3 can promote cell migration and metastasis of papillary thyroid cancer and lung cancer, which contradictory to our results. 17, 19 This may be due to the organ specificity. Therefore, the effect of EphB3 on development and progression of cancer is divergent and dependent on cancer types. Dysadherin is a protein that is involved in tumorigenesis by down-regulating cell-cell adhesion and up-regulating chemokine production. 34 Dysadherin expression has been studied in various human cancer types and is a mark of poor prognosis of these cancers. 22, 26, 28, 35 In most human cancers studies, the increased dysadherin expression is associated with decreased E-cadherin expression and reflects tumor aggressiveness. 34, 35 Several studies showed that dysadherin was frequently expressed in cancer cells, but not expressed in the cells of corresponding normal tissues. 22, 26, 36 In agreement with previous reports, we found that positive dysadherin expression in ECC was higher compared to normal tissues and dysadherin was not detected in normal biliary tract tissue, indicating that dysadherin may be involved in the oncogenesis of ECC. To further identify the role of dysadherin in ECC, we analyzed the relationship between dysadherin expression and several clinicopathological features including tumor differentiation, lymph node metastasis, invasion, TNM stage, and surgical procedure. Previous studies have shown that dysadherin can promote cancer metastasis and progression of several human cancers, such as colorectal cancer, ovarian carcinomas, gastric cancer. 22, 24, 25, 34 Likewise, our data demonstrated that dysadherin positive expression was higher in the cases with poor differentiation, lymph node metastasis, invasion, advanced TNM stages, suggesting that dysadherin may be contributed to metastasis and development of ECC. Furthermore, the current study also revealed that dysadherin positive expression had a significant effect on ECC patient survival and was significantly correlated to poor prognosis of ECC patient, which is consistent with previous reports. 22, 26, 28, 35 Thus, dysadherin may play an unneglected role in carcinogenesis and progression of ECC, which needs further in vivo and in vitro study to explore its underlying mechanism. In this study, we found that EphB3 expression was significantly down-regulated and dysadherin expression was significantly up-regulated in ECC. In peritumoral tissues and adenoma tissues, negative EphB3 or positive dysadherin expression was positively related to dysplasia of biliary tract epithelia. Thus, down-expression of EphB3 or overexpression of dysadherin may be involved in the processes that benign lesions evolve into ECC. Furthermore, EphB3 negative expression or dysadherin positive expression was closely associated with several clinicopathological features of ECC, which could reflect aggressiveness and malignant degree of the tumor. The survival of patients with positive expression of EphB3 was significantly longer than patients with negative expression of EphB3, which was contrary to the relationship between dysadherin expression and patient survival. Cox multivariate analysis further demonstrated that negative EphB3 or positive dysadherin expression was an independent predictor for poor prognosis in patients with ECC. The AUC of EphB3 and dysadherin suggested that the expression of EphB3 and dysadherin may have potential clinicopathological diagnostic value. These results showed that EphB3 and dysadherin may function an important role in the tumorigenesis and progression of ECC. Therefore, detection of EphB3 or dysadherin expression in biliary duct tissues may have important clinical significance in the prevention or early finding of ECC.
Conclusions
EphB3 and dysadherin are involved in the carcinogenesis and progression of ECC, and ECC patients with negative EphB3 or positive dysadherin expression have a poor prognosis.
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